We have developed a self-consistent field theory of the effective interactions between nano-colloids mediated by adsorbing and non-adsorbing polymers. By making use of this theory, we have calculated the colloid immersion energy and the potential of the polymer-mediated forces for the above cases of polymer adsorption. On the basis of the obtained results for the polymer-mediated potentials, we have investigated the relaxation times of the colloid flocculation assisted by the adsorbing and non-adsorbing polymers. The calculated relaxation times are found to show different dependencies on the colloid radius and the colloid and polymer volume fractions for the above two different cases of polymer adsorption. 
EFFECTIVE POTENTIAL OF INTERACTION BETWEEN NANO-COLLOIDS MEDIATED BY REVERSIBLY ADSORBING AND NON-ADSORBING POLYMERS
In the first stage of our work, we have developed an analytic theory [1, 2] of the interactions between nanocolloids mediated by non-adsorbing and reversibly adsorbing excluded volume polymers. By developing and making use of the self-consistent field theory we have calculated the potential of the depletion interactions acting between nano-colloids immersed in the bath of non-adsorbing polymers as a function of the separation H between colloids. Figure 1 shows the comparison of our theoretical findings with the results of Monte Carlo simulations of the depletion potential U in the protein limit where the colloid radius R is much smaller than the polymer gyration radius R G . As is clearly seen from this Figure, the developed theory adequately describes the Monte Carlo simulation results [3] in the domain of polymer concentrations spanning across the dilute to dense regimes. As a next stage, we have calculated the potential of the polymer mediated (PM) interactions for the case of reversibly adsorbing polymers as a function of colloid radius R, separation H, polymer correlation length ȟ, polymer volume fraction ࢥ and the introduced absorbance Į that quantifies the affinity of the colloid surface for polymers. The developed theory describes the limit of the weak adsorption where the correlation length ȟ [4] of the excluded volume polymer system is much smaller than the characteristic adsorption length (colloid absorbance) Į. Similarly to the case of non-adsorbing polymers, the resulting expression for the PM potential U mediated by adsorbing polymers is shown to factorize into the product of the immersion free energies of the colloids and the correlation function of the uniform polymer system. A typical example of the calculation of U for several values of the reduced colloid radius R/ȟ and ȟ/Į=0.1 is shown in Figure 1 . Note that according to Figure 2 , the dependence of the magnitude of the PM potential U on the colloid radius R for the case of adsorbing polymers shows just the opposite trend in comparison with the purely entropic depletion potential that increases with R. This difference stems from different dependencies of the colloids immersion energy W on its radius R for the above cases of non-adsorbing and adsorbing polymers. Specifically, in the case of nonadsorbing polymers that mediate purely entropic depletion interactions, the main factor that affects the strength of these interactions is the colloid surface area ~R 2 , so that W occurs to be proportional to R. The dependence of W on R for the case of adsorbing polymers is much less pronounced, for that the main factor affecting the immersion energy in this case is the strength of the adsorption interactions, so that even small colloids can considerably change the polymer density structure in their vicinity at large enough Į -1 . The above explained difference between the dependencies W(R) for adsorbing and non-adsorbing polymers results in that the at-contact PM potential U(H=2R) decreases with increasing R for adsorbing polymers and increases with increasing R for non-adsorbing polymers, which leads to the above mentioned difference in the dependencies U(R) for the above two cases as elucidated from Figures 1 and 2 .
RELAXATION TIMES OF THE COLLOID FLOCCULATION FOR THE CASES OF ADSORBING AND NON-ADSORBING POLYMERS
As a second stage of our work, we have calculated the relaxation times of the colloid flocculation by making use of the outcome of the first stage in the form of the calculated dependencies of the PM potential on the colloid radius R, polymer volume fraction ࢥ and the adsorbance Į for the cases of adsorbing and non-adsorbing polymers. The resulting expression for the relaxation time Ĳ normalized to its colloid limit R>> R G , Ĳ HS , can be written as
where ȕ is the reciprocal temperature, and the function J(R,ࢥ) is specific to the case of the polymer adsorption. Note that this function cannot be calculated analytically, so that we have to resort to numerical evaluations based on the results for the immersion energy W and the depletion potential U obtained in the previous section. In the performed evaluations, we have fixed the packing fraction of the colloid particles Ș defined by Ș=4ʌR 3 n/3, n being the number density of colloids, and the polymer volume fraction ࢥ, while varying the colloid-to-polymer size ratio R/R G . Note that the values of the correlation length ȟ corresponding to each specific value of the volume fraction ࢥ of the excluded volume polymers, needed for the above calculations, have been obtained by using the correlation function derived from the results for the depletion potential U and the colloid immersion energy W calculated as functions of ࢥ in the previous section.
The results of the calculations of the flocculation relaxation times for the cases of adsorbing and non-adsorbing polymers are shown in the left and right panels of Figure 3 , respectively. As can be seen from Figure 3 , in the both cases of adsorbing and non-adsorbing polymers the calculated relaxation time decreases with increasing the colloid radius at fixed colloid packing fractions, as is should be expected. In contrast, the dependence of Ĳ on the polymer volume fraction ࢥ is different for the above two cases of polymer adsorption. In fact, Ĳ decreases with increasing the volume fraction of adsorbing polymers and increases with increasing the volume fraction of non-adsorbing polymers at fixed colloid radius R. The above difference in the behavior of the relaxation time as a function of the polymer volume fraction ࢥ is attributed to the difference in the dependencies of the PM potential and the colloid immersion energies W on ࢥ for the cases of adsorbing and nonadsorbing polymers. Specifically, in the case of non-adsorbing polymers W/ࢥ occurs to be almost independent on ࢥ, while in the case of weak adsorption this function decreases with increasing ࢥ. According to equation (1) , this fact explains the above different trends in the independencies Ĳ(ࢥ) observed for the cases of adsorbing and non-adsorbing polymers illustrated in Figure 3 .
In summary, we have calculated the potentials U of the polymer mediated interactions and the relaxation times Ĳ of nano-colloid flocculation associated with these interactions for the cases of adsorbing and non-adsorbing polymers. As our main result, we have shown that both U and Ĳ show different dependences on the colloid radius and polymer volume fraction for the above two types of polymer adsorption.
